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(57) Abstract: An exposure device has a laser device that is 
small, easy to maintain, and capable of producing an output 
that is unlikely to be afifected by optical surges occurring 
in the beginning of operation. A single-wavelength laser 
oscillator (11) supplies a laser beam (LBl) to a fiber op- 
tic amplifier (13) through an optical modulator (12), The 
amplified laser beam is split by splitters (14, 16-1 to 16-m), 
amplified by optical amplifier units (18-1 to 18-n) and sup- 
plied through a fiber bundle (19) to a wavelength converter 
(20), which in turn converts the split beams into ultraviolet 
laser radiation (LBS) for use as exposure light The optical 
modulator (12) outputs light pulses during the generation of 
ultraviolet light. The optical modulator (12) also produces 
laser radiation during the absence of ultraviolet light, but the 
laser radiation has substantially the same average output and 
a considerably low peak compared with that during the gen- 
eration of ultraviolet light. 
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5 5 2 /img;g{cM^LT. 8 f^r^ tl^^-T ^ CI c^: J; ^9 > ArFX^^ 

(19 3-194 nm) omn^m^'b 
tl^o ^bX. ^-^^^mU-^l KD^m^^m^l. 57-1. 5 
8 /zmgSfC^I^LT. 1 0l$j^tC^^t"^C<L(Ccl;oTF2 U-ifi: 

20 mn^lzm-'^^^ ( 1 5 7 - 1 5 8 nm) (Dmn^^^^tl^o U-dX. 

2 u~-^ym{zixt)^^mx ^>7'i->7s(Dm^umftLx^mt^ 

Z.t-/)^Xt^o 

U:^. :1I^0^(CA r FX+vTl/-1f\ X^Fs 1^1^:1 
->;i/-Jl/i: DaiiT^tllT'ci^:! (f^J;i(j:'l 6 0 nm^) ^^k^b. Z.(D 



wo 01/20398 



1. b44um. mm^^ti^tl (l^T, rcW|15:^J <ht>t/^^) Tlht}^^ 
2 OmWO I n G a A s PtijE(7)D F B (Distributed feedbacic : 

•^A (E r) • H-7° • 7 T-f /t- • U--^m^hitmt^Ztf)^X'^ 

§ o 

20 '^t^^tf)^m^ly^^o ^(Dtzisb. T 7 ^J'-^iigs (Master Oscillato 
lf 1 1 tLXDF B'^mi^\^-^^^^^^iM^\Z{t. DFB'^m^U- 

25 m\z,i:<o^m^^m^^iz^'^i\:bx-~^(7)i^^\zmmLrz^. $)^\^^\t 
ihtim^^Wimmt^z.tf)^xt^o ■ 



wo 01/20398 



^ > t° - ^ cfc D § ^'JfP^U 7;)^'$iJfPT ^ T\ -f- (7) t - h > , 

10 |/-tfl 1 ^^i[/-r'5fcd6(7)m;^ (DFB^^#:l/-lfT«|gilj€»^) 

DFB¥i»#:U— if(Z)^iiiSSJS 0. 1 nm/r gS0raSfe#14^ 

(1^:1 1 5 4 4 nm) l:\t^(J:>1^^tf^^ . 1 nmmtt^o 'ijto 
15 T, 8j^X^ (1 9 3 nm) T«^(Di^:S/&^*0. 0 1 2 5 n m^'fb 1 
Of^/^ ( 1 5 7 nm) 0 . 0 1 n ml^^b-T § C i tl7'j:^o 

m^z^^m^m^miEt^rz^iz. ^(D^'b^mzt^bx±2 o pmfs 

20 m^it-n^^Ztfjm^Ll^K Z(Drz!5b\Z\t. DFB^##:U-lf(7)r^ 



r 



WO 01/20398 



fCl/JKUU/UOl^-: 



19 

U—^l 1 tLXmpi^tmmi^^l. 5 1-1. 5 9Aim©DFB^# 
5 3 0 nm(D^m\ZU^^^^ Z(Di^m^\tB0m6f'?-(D^^'mm^^Z^ 

i^m) ^aom^'T-o^Mwm^'^ {mm^&) tit^^t. ^o^mo) 

' ^mi^^^^M^^zmt^^r^(Di^tim^^m^'^i^^zLx%^^\ 
ifm(Dm^yt%±mm^m^^m^mm(Dm^^u\zmmthm'^^ 
m^\z^n\f. ^^&^m\z^ht^Byt^n^(D!^m(7)m^. x\t^(D^Wi 

^itth^tm^Ku^. ^tz.. m\z^n\i. m^'^m^m^L. mm 

20 QtL-^ ±\f\zW:t ^m^^'^M^t h^ tt^'^mzt^ho ^izm^iz^n 
«\ mytmm(Dmm^\z. mytmmm^(Dm^. ^rnzmt. Rtsmm 
^^n^izxhiy"^^ )\^(Dmm^i^ (gpt>> mmyt^^^(DmM±x(Dmyt 
mmmyto^m^^) (D^^r^a\z^mbx±Ch^kByt^^(Diam. 

'Bi.xsm^Atw.tiE(Dm]hmmx^ . "^{zm^omww^x 

25 n'^->\^^mWLh\z%i.^-th:it-h'^'^t^tU^o 



wo 01/20398 



20 

5 ^1 2 7i;^btB:;^$n^l/-1f7tLB 2 El 6 (a) RZS (b) (C^f 
cke>{C. ^9\-^tLX0\y—^^LB 5^ihtit^mm. m'^t> (O 
N) ©fierBlTiS, fc:-^ U^;i/LB(7)/N°;i/X^iJTfeD. ^51>7ti:LT(^ 
l/-- tfTtL B 5 ^fcti;/jL7'j:l.i^rBl. fip-^:*-^ (OFF) (DmmxU. V 
^;i/L Ac^^ij^TtT^-So 7^J:4o, 116 (a) . (b) iC^l^T (13 5 

20^±^1/a;;i. (=LA) i U < T^j:^ J; 9 {Cfg^ $ flT 

15 ^^7^^>^:t>0^rBl(Dl/-1f7tLB 2 0T-'a.-T-^it (/^;V 

;^i^W{c^^-r5A'i' " 1 " (D^fel^fij^ (%) ) (Si/ioJt^T 

T> iiS^il/l 0 0 0 Oli^fClS^^nxV^^fca^. ^(DU^il^LA 
«t:-^l/^;i/LBH^^LTl/l OJ^TT, 1 / 1 0 0 0 

^J^Tch/ci^o C:(7)ci;e)C^^7t70^^:t7(7)^rBlT=bl/-«LB 2 (Z) 1/ 

20 ^;i/^m^c?)L/^;i/LA(c|g}t-r'5::<h{c=l:oT. ^n7t^^>tr-r§ 

P^{CftP^07t7 7^/^'-ii'l'S§§l 3. RD^'T^^i^la- '7 h 1 8 - 1-1 
8-n|^C07^7 7-1'/S-iiiliit5 (l212<Z)7t7 7-f /X"i^'l'S§52 2, 2 5) 
\Z^\^X. %^-V\Z^'DXM\Wm'm\.X%^% (l/-if)tLB5) 

c^tu;^7)nii]pr^cch?)^^i^±$n^o z.n\zti\^x. ms (a) (c^r 

25 cte){c, ^^7^7!>^':t7(D^r0^(::U-lf^LB2(7)ttl:^^OH-r§<h, 0 

5 (b) (C^T<:t-5IC. .^n7t^^>(ZL/tiIf^0lBrBlTSC^^^T, 



, wo 01/20398 rei/jrou/ooijx 

21 

U—^^LB 5 (7)ffl;^«. AM-r^ l/-^f7^L B4(D \i-^U^)V0 8 

;t7®^rH1(7^^-■t^'7^L B 2©U^;^LA«l/l OJ^TT, 1 
/ 1 0 0 0 0=g^]^TT^'5fca6, l/^;i/L AcOt^^^^^^t^ (k- 
^f^LB2) (C^m$nfj:V^fcJ6, ^^^7:/^^^7(7:)^rB^T^il/-lf7tL 
15 B 5(DU^)\^\tmt^±\Z0 tU^o 'ljtoX. t>(Dmf^lX^:^7(Dm 

:^mf^mx\t-mtLx. 2\zx^xn^7s^'^i n s, 

^OMb)^^^^ 1 0 0 kH z (/\°;l/Aj^^ 1 0 Ai s ) (D.n)\^7.%\Z'^m 

20 t^ir y(Dm^\z%mm=f- 1 27^?^bai^$n^A;i/A7t©t°-^tti^L 
■^LB/ 1 0 0 0 0 tu^, z.z,x\t. ^^mmi-i 2onx\z^^m 



wo 01/20398 PCT/JFOO/OftlJi 

22 

JL^ JL^ M/ -TiYr era =t=i -T' i o 1^ ) -r- ^ >]/ ^ 7fK r-m ^ "T^. m ) \ 4-H Z^*- JrH 

Zeis > y L ^ R/wJ 3^ J J- ^ o ^ y L -r- >sc p/wj J G- rn V 'c^ □ i(cs ^ ;m 

iff ^ (Z) B# r^mM b ( c # ^ ^ 1- - 7° } c J: -5 ¥ # #^ 1/ - -If Ifl /A ^ 

^^ZLZLy h 1 8 - 1 ~ 1 8 - n |^(D7t7 7< A'-t^iti^iC^ol/^TA S E 
(Amplified Spontaneous Emission: ^BMlh^) J ^ X<D^m\z.^^ 

ooO'-i/iooo 0S;^(c/jN$<t" ^^chTi^^T^. 

15 

11 (DFB¥^#:i/--?fv=j:ci:') omti^m t^^mm'f 1 2 t^^m 

20 1 cDm;^$iJ^^i(Cci;^T. f^JAtt'l 0 n s U^d^ n ^ 7.^^^^ 



wo 01/20398 



PCI/JKOO/OtolJi 



23 



>ll.t'':7A • K-y^T^^z-f A'-J:gi|ii§§l 3lC{tt|^L. 3 5dB (31 
^i^i^tjme. SmVVchT^cf^o f^^. CC07^7 7 1 3 (7)f^ 

^^'^)lO--3(D4m(Dii:\tl (*^JT!^m=4) {ZMin^mt^o CCD 

10 7^7 7-1 /^^-4^(5D7tC0f5iSii^^2 XIO' m/sTfe^<tL, 

jPO, 1. 2, SfC^n^'nO. Im, 19. 3m, 3 8. 5m, 5 7. 

7m©:^$(?)7t7 7i' A^- 1 5 - 1 ~ 1 5 - 4 ^iiiuT^o 

=&7t7 7'1'/N'-(DaiP'^(^^0^-9^1'^->ll'rBlC07t(7)3iMti9 6 n s t 

15 A'- 1 5 - 1 ~ 1 5 - 4 ^, ^'K&^\Z riiM7 7^ A'-J i:P?^<p 

^(7)42|s:(7)ji5i77< A'-cDtH::':^, 4 |@CD7, 7°U 7 1 6 - 
1 ~ 1 6 -4-ejgHnfi (*filTtd:n = 3 2) OI±S ^ (cM?iJ5^ti 
7°U 7i$^T^^T-;U0~3 1) L, -&lt4X 3 2f@ (= 1 2 811) (D^ 
^T^;l/tc53^fijT^o ^LT, &X7°U 1 6 - 1 ~ 1 6 -4(D^^^ 

20 ji/0 ~ 3 1 (Dai:^^fl5(-S0'"i:t/^tc:i$c7)^7:c^7t7 7i'/^"- (15^77 

-fA-) 1 7 - 1 - 1 7 - 3 2 ^i^g^bT, mi^t^^^^-^M^lZSn 

1 6 - 1 - 1 6 - 4r0i{i«, ^(Doxoizm^y ■'"^-izXox. ^ 

25 X7'''J 7^(7)A±lB#,'^,T-#^ 9 6 n s C0jlMB#rBl7!?^'4-AbnTl/^5o C 
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FCl/JFU0/Uf)IJ2 * 
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o 1^ :e 2;?^ 7^:- 4:^^ /v^ n . -7 ^1/ .ast ^b. 4o -z 

m^ntzn)v:^%tn\:^ i o o rh z i q u s) xh^. 

T^^Ufctf, 9. 6 2 M s (7)fB^ll^gl.iT>^®A°;i^X^iJ;0t^4T'5<h 
(^^e)|if9 jIL/^jU 0 0 kHzTfft»n^o 
15 7^ci:**^Mfl^^TI^. ^i-fij^^ 1 2 8 it, SfcjiS7 7'f n-iU 

6 2 s (7)^^^c;(7)rBlll75^'^i;/i;0^ ^^^fij^m, n^mtW-^"^^. lL\t 

20 pJI^T^^o 

l9*f^J0X7°U 1 4 . 7^7 1 5 - 1 ~ 1 5 - m, 

7.7°U >y 1 6 - 1 ~ 1 6 - m, :5tu:mM(?)7t 7 7 -T A'- 1 7 - 1 ~ 1 
1 -n\t. ±i^tLX^j&m^M. (Time Division Multiplexing: TD 
M) ^$^^mf^LXl^^ th^Ur Z t^^X^ t^a. *#iJT{j;-^(7) 

25 nmi\^m^m^2^(D7.-f^)y^\Z^-DXmf^bX\.-^^f)^. ^n^3 
® (75 7x 7° U >y 5^ Tt^iS; L T t) J; < , X ^tj^mmt f)^ 1 1^ 



WU 01/20398 rC'I /JI'UU/UDJ^-i 

25 

6-1-16 -mit^umm^m'T:^^^^. ^ni^ntcfyA.i^77< a 

^X^(Dn)V7.%(D\^1l^m'kmmth^O\ZLX%^h^o mi (-a) 
tC^Dt/^T. mM(D31E7 (7^7 7 -f A'- 1 7 - 1 - 1 7 - n) 

^iiiib/il/-1f7^«^n-e'n7tii^ia.->y h l S - 1~1 S-ntcA 
15 m\^xm^t^n^o 2^^jOD)ti^<tg:L->y b 1 8- 1-1 8-n^^7fe7 7 

hi8-2~i8-n tLx^nmzf^m-t^^t-h^x^^. 
m2\t. ^j^ijii^L- >y h 1 8 ^^Us z.(Dm2\z^\^^x. %m^::L- 

20 7 h 1 8^iS:$:^i;2^^«-€-n^'nx;H::''^A • H-7°- 7t77</^^- 
i^*!^ (Erbium-Doped Fiber Ampl i f ier : E D F A) ^V)fl^%77^ 

%y7^n-^^^2 2(Dm^m'BUz\t. MiB^^tiyy°^)>^'t^rz^ 

(Di^m^Wl^M. (Wavelength Division Mul t iplexing : WD M) 
25 (i^T, rwDMS^J tmo) 2 1 ASl^"" 2 1 B 7^^"i^l^^$ WDM 

^^2 1 ARxj^2 1 B^zj^ox^n^enm^^mtLxcD^mi^u—^ 



wo 01/20398 



rci/jruu/uoiJ-i < 



26 

77^ A'-^i|iil§2 5(7)Pii^gP}Cfe, ;b77°U >^'ffl(DWDMS^ 2 1 
C&D^"2 1 DT^/^'t^M^n, WDM*^2 1 Cj^O^'2 1 DtCctoT^n^" 
5 n^'^W\y-^f2 3 C:&i;2 3D;0^bCOil^7^75^^7t7 7</X-if'|iIi§2 

^\zmkii^<bm^^tlX\.^^. EPt>, 7t7 7i'A~-.t^'l'i^2 2, 2 5^i 

7^:7 7^/N'-iii|>Slff 2 2, 2 5 ^i^n^'nAl^tf ^ l/--y-*7t L B 3 

(*f^JT^lj^fi 1 . b A A iim) (D^^^^tjmX.m!^l . 53-1. 
10 5 6 Mm^Sit(7)^SJt©7t^m'l>S-r-5o Sfc, 7 7 < A~i^^l§5 2 2 . 
2 5(7)it^gl5Tfe^WDMS^ 2 1 Bi:WDM*T2 1 CchcDr^KC, ^ 
^^7^Jl/^2 4A^^t;MD7t^l.±T'5/iJ607< I S 

SBm^nrvi^o ^^^7^;i/i$'2 4A(hbT^*^liM7^';i'^. x^j; 

7 7 < /t— • 'JvvO'' ^'V — J--i y^' (Fiber Bragg Grating) iiO^^^ffl 
15 T#§o 

*1^|J{C^(/^T, HI 1 (a) (Z)7t7 7'1'/^'- 1 7 - 1 ;6^b(7)l/-^'7tL 
B3ti> WDM^^2 1 A^:rM.T7'c7 7i'/X-it'l'ii§2 2HAWLT 

\t. WDM^^ 2 1 B, "m^^y H 2 4 A, T-f V l/-^ I S 3, 
20 JS^l/WDM^^ 2 1 C^:fM.T7t7 7<n-tgi|ii§§2 SfCAWLT^D^" 

tii|ii$n§o iiili^n/zU-if^tL b 3 vvdms^ 2 1 d^^lt 

gjl (a) (7)^7 7^A- • A-> HJH 9 ^t^^-r-S I2^(7)7t7 7-f 
- (7^77-1' A--iii|iS^2 5(7)Mtfi$S(7)M:^gKTfec):lO =&l5Mf^o 
C0if^, 2^^(D7t7 7i'A-i^i|iig§2 2&r;2 5 J; -5 ^ It (7) 1^ ijii 
25 fij#«-#ijch L.T|^<J4 6 dB ( 3 9 8 1 0 {g) T^^o ^LT, Ell 

(b) (DXyij^y^'l 6-1-1 6-m;0^ b lU $ tl t-v*!^^ 



wo 01/20398 rci/JfOU/ooiJ^ 



(m • nm) ^ 1 2 smtbX. ^9-^^-}l<D^i^lhtl^m5 0 AiW^ 

h 1 s-i-^i 8- nf}^ibi^t}^n^u-^^<DW-i^\i^,t}it^n^nm 

5 2YItU^o zn^/^;UXi1ii 1 n s , A;1.7nI1?^^ 1 0 0 kH z TA-Jl/ 

ai;^«^1^^2 5 dWtU^o 

C:iTtS> HI (a) <7)X7''U'y^l4, 16-1-16 -mTOlS 

tt7t7 7< A'-i^i|iSl52 2, 2 5(7){J^?'cj:< th 1 0(7)iii|'gflJt#^±('f § 

-mm^2 2RZS2 3\zx^mmn^^it-^^^^tx\ mi (a) 

HI 2 (7)ti^MC43l/iT, 5^^fc^7^;^5' 2 4 HI (a) (7)7^7 

Ti-A-igitii^ 1 3Rzsm2(D^y7^^^-mm^2 2'c^ti^nm^ 

T-SASE (Amplified Spontanious Emission) ^t^tiyhb. ^oHI 
20 1 (a) (D#-r^ft^*ll/-tf 1 1 ;0^bl±l^$n^l/— tfTt 

m^j^.r-n^n^^m^ik^^wi o o pmfiig(7)?5)5^t?!i7'r ju^^^t^ 



wo 01/20398 
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^ r:t? m U Bg I . \ ffl A C 17 Tt. . . , k -7^ ^ i- -A^' -"7^ 

P^C /T3 -1— l^^i /CcS /V WON ^ 131 i^~xxwji_yyL«c:„/vy> 7 05^^ — — 

^/i, Ell (a) (D^M--i&mmmu-^ I i(Diht]\^m^mmmz^ 
^^iztx^^i^^i)^, ^(D{htim^(D^^fm m^'&mxit-mtix 

S 3 {Cck-^TM07t(?5f^#;^HS;M$n^o 7ti^'t'i:i-7 h l smi^U 
CO ii 1 P T § 2 o © 7^ 7 7 -r / ^ - *i §5 it # o ^ T { c ^ 

10 my^)i^2 4ARiS7^'ju-^ I s 3^nA-r^z.t-/)m^LiK 

i*:u-+f 2 3 A~2 3D) (Dihti ^mmtn^t^^^o 

m^i. 5 4 4 umu^(Du-^^w.-f]^^m^riX\.^^m. "toixttD 

20 izmmi^mi. 0 9 9-1. I 0 d ^mm^(DU—^^W.^^mbXh 
cfcl/^o :i(DJ::oUU—^^i^.tLX\t. D F B U-tf ^§ l-^tt^ 

(Yb) • K-7° • 7 7'l'/N'-l/-lf75^'i5^fflT#^o 

^tiy 9 9 0 - 1 2 0 0 nmU^(Dm^mxi^m^no^ yf-)V\i^I^ 
25 (Yb) • H-7° • 7t7 7-r A^- (YDFA) ^^fflm^'ctV^. ::(^ 

mi (b) (Dmm^^mmz oiz^i^x. 7 i^^^ihtit^z 



29 

t{ZJ:-DX. F-2 U--!f ch^MW(C(Rl-(7)r^fi 1 5 7 ~ 1 5 8 nm0^ 

m — tt' 1 1 9 9 0 nm{^ja<hL 

n^Cc];-:?T, K r F v-T U^i^" <i: [5]-(7)i^S 2 4 8 nnKD^nyt^ 

h(D (5~6Mm) XK)^Ja^K 2 0 3 0 /i m0:^^:- 

77-1' A^-^fflt/^^i;7tlLTfecfct/io ::(D)t7 7i'/^'-T^l, =170 
20 ^1^77 HtlS!)^ffl^«#^l/--if^^77°U>^^-r^o C©mi^7 

^tz. ±.m(D^m(Dmm(D^y 7^ ^-^-mm^t Lx^^y 7^ ^-^-^ 



wo 01/20398 
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^ » 1, ^ > \ f . ^ t ^ *— » . > -r»- m ) N V -'^ 1^ -7^ ^ "Z^ -A^" I* /T\ Iih i-^ ^ 

X Vcis V 'J V ^1 P y / 'I / ^ '<:: /n V u. c_ /V* c -cw' /v > ^ l tv- ^ 

^fbtl^^ y-f/N'-. f^JA^'Z B L AN7 7^/^'-^fflVi^ J;^ (CUT 

jE^-. 7;f 77xi' h:^*^X, X^iEfbh^XTX^:^*-^^ (B i 2 O 
3 B2 O3 ) ^£^i:-r^7^77<A-^. '^\zmmk(D^y 7^ 
15 iii|ii§§i:LTfflt/^'5<i;-5l::bTfeJ:i^o 7:tX7x-r h;^^^ 

7t77i'A-Ttt, i^^lt{C^±ll5t:^ (^iJx.«x;H:i''^A (Er) . 
X^x;!/!!-^/. (Er) t-i yf-)V\i'yi^ (Yb) <h(DM;5^) ^37(C 
mm (K-7°) 1-^:1 ch7!/^^T^, |Il-(D7^j:ii|ii#^#§fc86IIi^^>Mi^cJ:7 
7-r /\'S75^'tAe3fe©->U;t;;^' -7X7^77^ A'-(D l/l 0 OgitiT^cC^o 

\t^X. x;i/t:'7A (Er) (?:> F-7°*^ 1 0 0 i&fMSJ[^±{cT^ ^ 

iC^T. ttijzn(Di:e) ;ixStiit0^7>y F^l#07t7 7^ A'-t^i|il 
§g(Z)ai;'7i&:li LT 1 . 5 1-1. 5 9 Mm^^ffl1"SiI^{::tt, F- 
25 :/-r§-r ^>c!:bTXJHf -^A (Er) (IjjP^-f 7 1:"-^ A (Yb) 



wo Ul/203y8 



31 



1 5 - 9 7 5 nmf^jfilIJA/0^'-::)T^f:), w(7)ifif^-0r^gT§^ ^/cj:^^ 

iii^ft^i#oii^(^¥#^l/— y-'^r^S^^S'J^m (wdm) 
•5) o 

chlwJDffi:^?^:^ (193~194nm) ^m^fc^omiMy—^mmiZ 

5 4 8 umrmm^^tKf^^^m^mz^zt^m^L^K 

7;i^^z:'^A^U >^vU:^77i'A'-tczi • F-7°r^^?i7i^^ 
20 ffll/^bn'So C(Z)7tis6C(D@(D7 7i' A'-Tii. 1. 5 4 S fimTii^-'f 

5 5 ^MTif^ificoe-^^:Sr^fi{Fil{C v 7 h$ii-> U > ^^rSSiPJJ 7 
h$-fr'6^:i^^f#':^o ^^^•:5T> 1. 5 4 7 m m3af§T-^'Jt#^:^t < f ^6 

25 yf-)l\iOL.t^^\z\^-7 (□ • H-7°) L/i3 7^t#":?7tii'l'i 

§§^7 7-1' (f^il/u^i'^(Dy7';l^ • ^7-;/ H • ^<7°(D7 7<A'-) 
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/t. ffl i,\ J5 tf -^{I =b . 13 T ?I{I'''S'^> U > ^riPA'^ -I. II J: 0 . 1. 54 7 

5 EI3 (a) (i, 2'Amm'1^%^^^K^i^\^X%\^'1^^%^:it-h^'V^ 
§?^StMg|52 0 ^^L, ^(7)133 (a) IlioV^T, %y 7 n- - n 
> H;H 9 (Dai^v^ 1 9 a (S£;^LT^^$nT(/i5) tJ)^ ttl:^ $ n;^c 

B4fi, 1 iSi(7)#|^ff^^^l^ifB 5 0 2 (CAltL> ZZ.l:(D2'AmWl^ 
10 ^^fCJ: DS2^iS0 2j§(7)jiiS^2 0) 1 / 2 (D 7 7 2 n m) (7) 

2{^m^%^t^o Z.(D2\^mt. U>X5 0 5 ^MT2^@(7)#^ff^ 

Tt^l^B^B 5 0 3 tcAML, ::c:-efe^y-2:^Bp}^^^{cj;D, XUWl 

(D2m. in-^S2|s:?SfI^U4{§OJl?g^4 w / 4 (7) 3 8 6 n 

15 UT3^@0#mff^7t^lSB^B 5 0 4(C]i^, :iv:-tfStJ^'2;^i«PI^^^ 

(iJ;-qT> AM?^(7)2fg, Ip-^S*i^il^^U 8{$0j^2^^8 w^WT^ 
Sm^^ (i^g^il/SiT) 1 9 3 nm) tim^t^o Z.(D % {%mtm^(D 

^l. 5 4 4 Mm) ->2j§& (i^;g 7 7 2 nm) -4f^^^ {W.^ 3 8 6 
20 nm) -^Sf^it (xSS 1 9 3nm) (D)iII^Ii^fi^^^75^'ff t)n'g)o 

2{^i^^<D%^^no^mm%^'i^^u^ 0 2\z\ti. \ Bz o, (lbo 
^B^B^, 2i^m^^4mi^-^(Dmm^no$mm^mn^B5 o 3{i«l 

iB3 Or, (LBO) ISb^h^. 4 jgl^T^^^b 8{^i^^(D'^^^ff 
25 Tt^f^B^B 504}C«Sr2Be2B2O7 (SBBO) ^^^B^^^t^o 
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n-Critical Phase Matching: N C P M) ^^^t^o NCPMt^, 

m^^'^^^Bp^'^-(Dm^'^tm-Mm^t(Dm(Df^^'fnr$)^ rwaik-o 

f^^. m8 (a) {C^dC^T, 7^7 7< A^- • /t> H;H 9 (tl^^JI^Tt 

l/>X^^tt§::<i:7J>^^M^Ui^<, 7^:7 7-r a'- • /^"> 1 

0 0 MmigST$)'5ycJ6> #7^ 7 7 -f A-^lC 1 0 

l/>X^l^^tT, g-7t77<A-;6^e)l^ai$n§l/-1f^^lN7$?^7l6^ 

15 'AiZ. mS (b) «2>jJ^KP?S^^i:|0/Sli^fg4i^|a^^^-ti-T8 
f$?^^#ac:<h^^'T#^iSfi^^^|5 2 0 A^^L. :i(Dg|3 (b) 
l/^T. 7^7 7-1' A"- • A'> 1 9 CDttltl^^ 1 9 a 7^;^ b i^f ttS $ nfci^:^ 
1. 5 4 4 Mm(DI/-lf7^LB 4 (g*?^) iit. L B OMb^b J: 0 /cj: D ± 
iBONCFMT^iJt^P^nTV^^ 1 ^ @ (D#||ff^)^^i|gH^B 5 0 7\ZXML. 

20 ^:iT(7)2;^i^Pl?^fg^(ic};f5 2i^?S?i)^"^^T^o ^vmrit^'i^ 

*i^ch2f^?^ch^J^n^^ni/>X5 0 9 ^jioT2m@(7)#l^ff^)t#^ 
25 b^b5 1 0 \ZX^'t^. 

^mWitm^^Bti 1 OTIi. lP5@CDlN.^ff^7t^lSB% 5 0 7 T^^L 
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-M 1 TJ^I^$nL/>X'5 1 3 ^iioT 3g@(Z) iS - B a B2 O4 (B 
BO) i$^B,i:Dt^^immyt^^^B5 1 4\zXMt^o z:i'{:3i^m^ 

^y-u2^mxy^ -5^-51 6{cAi>tL> $mmyt^ 

ISb^bS 1 4Tt#bn/i6{$iSt)l/>X5 1 5^mxy^ ^U-( • ^ 
^-5 1 6\ZXML. :iZX^(D2i^^t6i^^tiitmmz^f^-^nX 

(f^Sl9 3nm) ^l#§o (7^ 8 U-1f 7^ L B 5 bT 

l^m^n^o T^cJ:^, 4|^@(^#^|^ff^5t#ISB^H5 1 7 iLT, BBOISb^b 
<Di^t> K>\ZC sLiBr, 0.0 (CLBO) ^^b^^^^^ :1 th'^n^Xh 
§0 C(D^M^m\^2 0 AXI<t. b44um) - 2 

20 (iSfi7 7 2 nm) ^3i^^ i^^S 1 5 nm) -6i^^ m&2 5 

7nm) -^8f§?^ (1^:119 3 nm) (T^miZ'i&m^m^^nhnXh^^. 

z(D ^z)iz 6 i^mt 2 imt<D-ij^^j^i^^^^m-DX 4 mumm 
myt^^^^Bb 1 7 {cA^tt-?)iij5£T{s, 6i^i^t2i^^t^'tn^n4 

^^^(Dmm^^U^B^ 1 7{l^7tLTAI>:r$ii:'5 1/>X5 15,51 
25 2 ^M.\^^\Z^f^^^mzim-t^Z.tt)^X^^o dcDif^. 3P^@(^I^ 

i^^Tt^i-SaiiS 1 4 x^±brz 6 \^mt^(Dmmmm^ rwaik-offj 
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SLl/^o ^CT*1^J(^ck^{C, U>X5 15. 5 1 2 ^]giJ^C07tiJ§t^Sa 

1 tof^ommtw^ (b) icpibn^t)(^T^S7^cj:<. 4$kBco$mm 

HtC. j^Jx.«'2l5g(^#^07t^f>SB^05 1 0 i|5]-7tW±(-3^ 

15 T. i^S^^^n/cJ:V^2 jgi^c!:^(;:4|5@(D#^?F^7t#l50^B5 1 7 IIA 
M$-y:Tt)J:<. zn\Z^^oy-< ^ O-i ^ ' ^y- b 1 1 , 516^ 
ffi -5 £^g7^)^Yj: < fj: § o C n b ^ilt (7) HI 4 (7)^i J5jcf^J T =b tiT § o 

^fc. 1213 (a) RZS (b) \Z^brzmm^mm2 0 , 2 0 A}COV^ 
T^n^'n^^^-^T^^l/^/tD® 8f^?^ (l^Sl 9 3 nm) (DW-i^\h1l^ 

20 m^^\z:^^x^rzo &:^imthti\tmm(Dmmmm-vtm\.tcm^ ^ 

^^^)V(Dti!>tl1iUr\ b°-^ • A-7-2 0 kW, A°;l/Xi|iS 1 n s . ^Jl 
X^i^Mbl^?^^ 1 0 0 kH z , j^O-'¥±£){ll^ 2 WT^^o 
&5^-\':i'>;i/^/ti9C0 8f$i^cD¥i^tH:'7lS> 1213 (a) (Dm^^^U2 0 
T^i2 2 9mW, US (b) (D^^^^^ 2 0 AX\t 3 S . dmWVh 
25 ofco U-dT. ^ 1 2 8^t^^;U^^^-&^c/X> K;P7j)^b(7)¥l^lil;^^i. 
?^fii21igl5 2 0T(12 9 W. ?^fiig^SI5 2 0 AT{14 . 9Wci:7^j:0. H 
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^fci^)(7)&S^mg|5(7)^^^^Jtc-Q^U^B^T^o C(7)±I^tc«. Ell (a) 
5 ItC^DV^T^^r-SS^Isi^cD&S^l. 5 7m 

iii4 (a) \t. 2'.!Kmm'i^w^t'^m^i^%^t^m.3^'^ti^xi 

'(^^m^Z.tti^'T:'^^'1^^^mi2 OB^ir^L. CCDE14 (a) \Z^^^ 
5 7 Mm(Dl/--^f)tLB4(DS2^r^«, L B O IS b^b J: D f^J: ^ l^gcDl^ 

T^^I^B^Be 0 4{CAl^bT, 2^^i«Pi^^^{Ccfc'5 4fgi^JC^^$n. 
15 -^«2f^|^(7)ttTMi§T§o 

^^^Jf^7t^lSH^H6 0 4 ^^iiL;t4f^^:&r/2{§r^tt. ^^W^O-f >y 
^7 • ^ 7- 6 0 5 tCfB]^H^ ^ P-f 7 ^ • ^ 7- 6 0 5 TMM^n 
fc4fgi^«, 5 ^-M 1 T;Klt$nU>X6 08 ^il-pT3^@(7)Sr 
2 Be2 B2 Or (SB BO) 'i^^B^^OU^mMm^'i^^B & Q ^ \Z.X 

20 MLT, 2;^i«i??^^^{iJ:0 8{§i^(c^^$n§o y-i-^p-r 

7^-5^-605 ^iii^Lfe 2 f§^^m/>X~6 0 6 'ElXS^ ^-M 2 $r 
MT^W^D-r 7^ . ^^- 6 0 7(CAML, #^ff^7t^f^B^B6 0 9 T 
#6nfc8^§^^t)l/>X6 1 0^I^T:$''-1'^O'1'7^ • 5^- 6 0 7 
AML, CZ:t^(Z) 2{^?^i 8j^i^t{-^|5lfdl(I-&;$$nT4^ig(Z)S B 
25 BOlSB^BJ:«97^d:^IN.lJF^7t^lSB^B6 1 1 (lAI^-tL. 8 i: 2 

/^<h7)^bC0fP|i]i^^^{lJ: O 1 Ofgig (j^Sl 5 7 nm) T^qtbn^o 
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m^2 0 BT«, (t^Sl . 5 7 ixm) -^2i^^ 7 8 5 n 

m) -^4{§jS 3 9 2 . 5 nm) ^8 j^?^ (i^g 1 9 6. 2 5 nm) 

fcJe)tcJS. ill (a) (7)^-r^S^iiu— If 1 1 (i4oUT%^-r^»* 

0 9 9 /xm<hLT. iS^^^SR 2 0 t LT 7 {$iS(7)^± 

m4 (b) 2;j5^i«ll?^5^^i:IO^^^^<t^m^^*:'-&T 7{§i^ 
10 ^n^^tf)^'^^t^^&^^^2 0 C^^sb. Z(Dm4 (b) (l4Dt/^T> 
7^7 7 • /O H;H 9 (7)tH;':y^ 1 9 afj^^Mth-^tlTz^^^ 1 . 0 
9 9 Mm(7)I/-1f7¥;L B 4 L B Olga^eJ; D ;^cJ: 1 ^ S © 

m:$im(D^(DU^1jmf)^ 9 OSm^f -So -S*l^:5^t/2{^i^ttU>X7 
0 4 ^ ^ L T L B O IS B^a cJ; D T^cJ: ^ |g 2 mmmyt^'i^ b^b 7 0 5 Al^ b , 

20 #f^ff^7t#ISB^B 7 0 5 ;)^b^^^n§ 2i^'{^t3i^i^t\ty^ ^o-i 
' 0 er^i^^tl, ZC^mMirz3i^m\t\y>X7 0 7 

^^O:^ ^-M 2 ^MT^i' ^ V ^ • ^ ^- 7 0 8 HAl>-f-rSo 
rJ^W ^ 7 • ^ ^- 7 0 dlsKM^ntzZi^m-i. ^y-MlRZS 
VyX7 0 9 ^moXS BB0't^^BX^U^'^zmrMit^'^^B7 1 

25 0 (cAI^'l, 2;^iil^r^^^{iJ;.D 4{^i^lc^m$n^o ::cD4i^i^ti. 

U>X7 1 1 $,MT^W ^□-1'7i:7.$^-708 (lA^tL, i^'W ^ □ 
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^, V ^ ' ^ 5^ — 7 0 8 T' !°! ** (I -= ^ tl/i 3 ^.i^' 4 ^ f J . S B B 

^^iCckD 7f^|S (iSft 1 5 7 nm) iC'^^^n^o (7) 7 
(7^ L/--tf7tL B 5 i: LTMttl^n^o IP*., ^1 (Z) *i fijc T , 
5 (iSfi 1 . 0 9 9 M m) - 2 f^iS 5 4 9. 5 n m) 3 (1^ 

S3 6 6 . 3 nm) -^4fgi^ (zd^fi2 7 4. 8 nm) 1 
5 7nm) (Dm\Z'^^^^-^tl^ o 

^S^^gl5 2 0 - 2 0 CJ[^^(-fe#^fl^7^;^^B^0^S^(C|I^ 

^Tc. ±$^(Dmmo)mmr-\t. mi (a) ^K)^t^^.koi,zmm(Dn 

m(D^m^'^:i-y h 1 8 - 1 ~ 1 8 -n(Dti!it}(D^}^^^--'D(D^^^ 

15 ' m (m' 2 j[^±(7)M^) ©i^S^^^^^ffiSb, m|i{7)7fei^*la- 
«y l> 1 8- 1-1 8 -nC7)tti;^j^n ' fi-fOm' li® ^jl^-y^I^T^ttT 
(n •m=n' • m' ) , JV-7''miZ 1 -DCDil^^^m^^lSl^^^m 

^^C BOISb^b (CsBa 05 ) , EgS^MU5'':>A (Li2 B4 Oi ) , 
KAB (K2 AI2 B. Or ) , X^iGdYCOB (Gdx Y.-x Ca 
4 O (BO3) 3)/ci:^^ffll^TfeJ;Vio 
±IB(7)^SI©f^ftJ(D^^1^7t^^gM!Cckntt\ HI (a) (7)7^7 7-1' 
25 /t- • A'> 1 9 (D|ll:;^|yffi(7)itfi75^'^^^T^;i/^^t)-ti:Tfe 2mmg 
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-•^'mmtj^m^xt^o 
^tz. ±m(Dmm(Dmmx\t. mi (a) (D^mm'f-i 2\zii\^^x. 

(Du^)i'<Dmmyt^t^ti[yX\^^^rzib. mmoytyr-i^'^-i^^^i 3, 
10 22, 2 5,\z^\^^xyt-^-i^om^f)^m±^nx. m^^^^y^zLtc 
mk\zhBmumK}(Diht}^n^z.t^ix^^o u^. ^(oj^oizm^]- 

^XT:i-f-^it u^)V7.mm\zMr^/\^u'^JV "1" (Dmf^^(Dm^) 

nClZt^Zt^Z^-oX. ty(Dm^^(D/^)V7.^<D\d'-^l'^)Vf)^l/ 

ioti.T> x« 1 / 1 0 oi^Tt^ci:§/ii6, mm^^i^tit ^^"^ tm 
m^z^D—'j^^\ipix. (Dmi\x(Dm^t^'\(D^^w^\^\^ 

20 'A^z. if%B^(DW>2 0mmmm\z^^m7 -^md^pmi^xmmt 
§0 (a) (D^mcDwrnizMbx^-^mmmu-^i i^^ 

mt^o 

milt. *fij(D^HI5^^L. ^CDm 7 (C^dI/^T, m-i^fi:%iii/-it' 
25 1 Ifi^^blht-^ntz'l^^l. 5 4 4 Mm {Ztl^X ^ tt^) l/-1f 
TtLBlli, 7^ Ji- o 3 A^l)\-LXi^m^P\^M (Wavelength D 
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l/-+|-'7tLBRJi, 7t7 7'r/N'-5 3 B^^tTWDM^^ 5 2 HAM 
L> WDM^i^S 2T;ti77°'j > ^^^n^c U-^f7tJi7t7 7 < A'- 5 3 

2 7!>^^^7t'1'A'-J^i|is§§ 1 3 {lAltLT(/i'5o 

§§13, :5^t/l^g^©7tt^itii:L- 7 H 1 8 - 1-1 8-n4^(7)7^7 7i'A' 

chLTAr FX^^v^l/-1f)t 1 9 3nm) t.\^\tn-''^^(D% 

=&^^-r§^^^i®^T^i:. 7t7 7'1'A-t§^iS^l 3, 2 2. 2 5 T 

mw^m^'^^m^mi. 53-1. 5 6 Aim^^T-^^fca^. u-if 

fx ^ ^ tl -S o 

^LT, 2^#iJT^j;^l(7)i5^ffl;^^<hLT, 8 (a) , (b) {c^l" 
^^T^^tB^^LT^cv^^:? (OFF) (7)^rB^[c:«l/— tf^^L B i 

20 (ON) (T^^reTH^j:!/— tfT^LB 1 ^M^5^$iiTl/— tfT^LBR^ 

miTr-So BP-^, **(DU-1f)tLB 1 chliiifflOU-lfTtLBRch^ 
il^{4ffiTfg7t$i±§o Z.nt^\Z. K^</K3;i>^b7t^P*^ 1 2IIi±fc 
l^^n^igiljfl^i; LT(Z)epjpm/±V 1 2 El 8 (c) \Z^^-t^o\Z 

25 7t'^P*^l 2;6^e)lii;b$n§U-1f>tLB 2(1, US (d) {I^fJ; 

■5 II, y (Dmm\z\tWi'^'^ i o o k h z ^^(dm-o i/^;ul bt*! 
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^tc. 7^mr\tm2(Di^mijmtvx. m9 (a) . (b) tc^r^ 

VI 2 (-^ibm-^) ^> ^9 (c) (C^f cfc9 ^ISBtA°;l/7.^;>t^C^^-r 
;5o zniz^ox. ftmm'f-i 2t^^l^tl^n^u-^ythB2\t.: 
m9 (d) tc^-rcke»}i. t>(Dmm\z\ms (d) (7):^^i:ipHia)/\° 

15 tt^^o z.ti\z^-DXh. ^y7-in-m'^^2 5mx^-^-'Jfi^^V 

t^\^^t^\z. :^y(Dmm\z^muu-^^i}^n!i:h-^n^ct^m^^o 

5 2 ^EELTI^-StJ?^", mi 1 (l^Tct -9 (I, 7¥:'^i3S^ 1 2 (7)ai:'7gP 
(3WDMm^5 2 ^ISELT. t^'^P^^ 1 2 7^^ b (7)r^S A , (OU-^ 
25 )tLBMi:MlifflcDii^#{*U-+f 5 l/0^b(7)&SA2 0 lx--tf3'^L B R 
(b^WDM^^ 5 2Xtly-f^)>^'bX. t# b nrcU-if L B 2 ^7^: 
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^\^X-h. 1 1 75)^6(7)l/-if7tL B 1 di l/--tf^L 

o 

HI 1 0 (i^^l^iJOggl^^^U, CCDgl 1 0 {l4ot/^T, 
10 -tf 1 l;0^e)ai;'7$n;^c:ISfil. 5 4 4 tf3t L B 1 (Ctl^it 

{i^^^^*^5 5 HAML. lilbT^iit LT©¥##:l/-1f 5 4jO^?,#if 
ffi^nfelz-ifT^L B 1 <h«it^f §:^l^]{CitM7t bfej^S 1.54 
4 /zm(Dl/-1f7tL B P«{iife^j^£^^5 StCAl^L. {ii^^jj^^^ 5 

20 (a) (D7^77-<A'- • /0H;H 9*^'^Will$n^l/-1f?tLB4JS, 

B 1 (DiiB7t:;^f^^ii^S^1tg|5 2 0 \zio\^^xB.M^m)]W^m%^n^l5 

25 [^](c:IS^$nT4of9, ffili7tai7{>^bCDl/-^f7¥;LBR(75{s3^;^|^(j:, 
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'^^wi^RzsmJimou-^yth BF(DuytitmAzm\:xmut^z.t 
1 2 50^b iz-ifT^L BP(D^^^ti!>ti-^n^^oMrmij^^mz^z. 

\z. :ty(Dmmiz{r^&^mn>2 oxmnmz^t^^mjjmmmo 
mi o(Dmm(Dmmx\t. Tt^ma^i 2(7)A^0K(cMi^^^ 

15 5 5 ^iHmbTVi-6;0^\ mi 2\Z7^-r<^0\Z. t^^P^^ 1 2(7)|±1 

U—^^LBP t^mi^'^l^m'f-S 5Xtly7°^)>^'LX. m^ntzu 
-^ytL B 2 ^7^7 7i'/^'-i^'li§5 1 3 \Z^.^^t^J:o^ZbXh^^^o 
20 1 2 0tii7lci^ijlC*5l/^T=b> ^-t^^^Jil/--tf 1 l75^bC?^l/--tf7tL 

B 1 tu—^^L BF t^mimxmyf^^^:it\zx^x. ytyy^ 
'A^z. mi (a) (Dm^'Am±mm^^^^rzm^t'&m(D--m\z'D^m 

25 BJ1"^o [iI13!i> *fiJ(7)M7t-SS^^L. ^CDm 1 3 {C43(/^T, 

^mi 7 1 tLXlt. mi (a) (7)^^^^^^^'t'<7)¥-?^fi!^iiU 



rci/jruu/uoijz 



44 

L B 5 9 3 nm, 1 5 7 nm. X\t^mm(Dm^mzrt 

7'c77'i'/x-i 7 a^^uci 7 sfs^n^'ngii (a) (7)^77-1' a'- • 

IfTtL B 5ck D^^jt-S^^i^g^STt^^aS^I-^r^fi^m^U (Ell (a) 

^n7'c^7t7t;0^ VX^ chLTOi/5^^;l/ 1 6 3 (7)/\°37 - >®(7)X U «y 

1/^^:7 ;n 6 3 (lL/5^^;i/X7"- V 1 6 4 ± {C«IB$ nT*5 D . 1/^ 
a:LT(7)'^xy\ (wafer) 1 6 6 ±{i bsbj^^m^op^co a°>$;_ >(7)^fg/M^;^ 

{§^M,<u {m%.\t\/^, 1/5. i/6#) T^^i^r^o j^i^Tt^,^ 
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XHSOI (silicon on insnl^iov) ^(DF]Uit(D^UX$)^o 
5 6 6\t. -^X/NXx- V 1 6 7 ±(I'(^J#$n. -^XAl 6 6 

igi^jgn 6 9;s:o:mi!jti*i 1 6 8 0mmt^Mm^i i i\zX'Dxu'm 

10 ^nx^^^o ^LT. S7^0ttl{i> -^XAX-r-v 1 6 7 (7)Xx77°^ 
ijtCj;oT':7X/N 1 6 6 (D'SLW^^^ff'Dtzik. PSBJ pI^ fl^^ L T l^^ 

6 4^^LTi/^^;n 6 3 ^m^;^i^(3^su, '^X 

A 1 6 6 ^'^XAXx- V 1 6 7 ^^O^bTl^^MRxv^ji^tkibT^S 
■r^iVOXx^;/^ • 7> H • X^-v>;^x):T\ -^XAl 6 6±0^-> 

*fiia)^7^gE^mS^7¥:MT^^7J?^ nit%m.l 7 1 (iXx^y/l-^ 
56, i^S^t^^T^6-:iX'y h0E^OI^*J^7:>^'i^t.i|-iJ.';?s75^'^§o 
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^ (7^7 7 AW - 1 5 - 1 ~ 1 5 - m. 1 7 - 1 ~ 1 7 - n) {Z^-dX 

mmm im'^m > Rn^:r.jM & &(D^^iimzm-t^/^)V7.% m 

jiS^tT^XA7.7^-v 1 6 7CDftiijiS(Ct5M^^n^=j;^(C, m<D 
15 *^J}C43(.^Tii, I^Mffl7t7 7'rA-l 7 3, 1 7 8 T^l^'i^ffl $ 

nx\^^^tz^. m^Kui 1 1 ^m%'&mt-W(D9vmz%m^z.th^ 
mo^^.^n- 0 ^^fm^%'7^^m%m-^'^(j^^\zimt^z.tif^x^ 

^fc. :*:f^iJ(Dl/^i7;l,Xx-v 1 6 A\tm%m.m 1 6 8 {Cci:oTX;^ 

25 'j^XAXx-v 1 6 7 ±iCtj;S2pT-^^FM7^^1^ij-bnT43D> 

g2p V-^^grMtil^jf T-S^-X^^ ymUlE\zm^^^n^o Mf- 
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> h^^l 8 0 J^f^T^^I^ 1 6 5^^$?ij:V^:t7 • 7^^>7.1j^(D7 
7^ / > 1 8 1 <h;)^'lxtj-bnTl^§o 

5 )t7 7-fA'-l 7 8^:rrLT7 7^/>h^l 8 0 ffl (7)?^S'^^HU 7 
9{I#t^^bTl/^^o 7 9 .hLTIi. 01 (a) (Di^^^^ 

§II2 0^|s]tiT\ ;0^O/jNiy(7)?^^^m^I5^^ffl-r^o ?^:S'^mgn 7 9 

7 9;(?^e>l^a:S^n^^7t7t<i:[Wli;r^S(DI/-if7tLB 5^77< ^ 
10 >h2^1 8 Oc?)aa0j^ALi:UTl^ffl-r^o 

15 6 3 ±(D77i';^> h^-^> Rxs^B^^^ 1 6 s ^mbxmm-^- 

ji^^^ (CCD) H-^^LX^(Ditmtn^^li^t^h(DX^K). V 
6 3CD7^^P^>h-1=7^i'/>h^l 8 ICD^-X^-Olt 

20 ^7 • 7^i^7.1j^(D7yi ^>h^l S l\t. I^ijx.^^" 5 5 0 ~ 7 5 

■7-'^(Dmt7y^ ^> h-^-^(Dmt^i^mm^ (ccd) ±.iz'^m 

25 7^-rp^>h^^l 8 0. 1 8 1 1f-^n^nS2p-7-^^F 
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XAl 6 6±(D§V3^y hm^(D7^</>h7{>^'i^1t^(Cfft>n^o ^'ci: 

20 CO2grBlftlifi],^ffl(7)0S0^7t^^±t-'g>7tl!i<hLT. mm(D^m (17 1. 
17 9) <h|Wl-|«^(7))tai^S'JiifflELTfeJ;t.^L. ^T^Ttiiia 7 1 - 
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;o^'-e#^o ^Lx:i(Dm'^\z\mmo)i^^^m^^u---^^'^m^zm^jh 



wo 01/20398 



50 

#l^if5}^(DlGffl. H®, J^r/^J(^<3^#ti 1 999^9^100 
10 #ttiiaiOS2^il#l^llim^ 1 1 - 2 5 8 1 3 2 ^(D^T(DPi^|^^fS> 



20 \zm^'^mii^^'^<r)%-^\%m\.x\^^fz.^. 



51 



wo U1/2U3!I8 



r^i/jruu/uoijx 



52 

sS 5l< CD iR M 

10 ^■t^ytmm^\!>t. 

20 t^iE>(Du--^^^/^)i7.^mbxmmytmif^^$\ziM^i. tuiE^^Tt^ 
^)]^^{^'T%^xm%z%'m%%\zm^'^-bz^t-^w^t.-t^m%^&m.. 

m%m>A%^^-h-t^m^^\zm%^%^mnt-^^mu%m^%uz 
^\zm%z%^m%t^^mU%'^%^%uz\%'i^^^\\^v-^%(D^^ 



BillH^nTt ^ 111 ;^ t- ^ 1 r^l 4^ {I MfB>¥;J^i|'SgK;6^ 6 lil ;^ ^ n § 7t (^¥1^ 

ai ^ b T^j: V ^ ^ TbI 4^ ( c ( i M IB ffi It) 7^ ^ M 12 7^ ^ S ^15 ( c fit ,1^ T ^ C i 
15 6. |f5i<c7)lGH 5 fCfS«0^)tgMT^-:?T. 

7. tmo)mmbizmm(Dm^'^m'v$>'oT. 
^v^nytiz^mrt^m^mmn-\z^^ti^\z. 



54 

10 ^wjz\m^^t^\z. 

10. tm(Dmm8\ztM(Dm^'&mr&ox. 
15 ttmmm(Duyt']m\t. mm^&^m^xmn^iz^^xt^m^ 
ixmiz itm^^ti^iz. 

f^m^t^^\z^t^:it^w^tt^m^mmo 
20 11. U'-^mmf)^^(D^^ytx^imi^^mmL. m'^i'^m(DA^ 

i^m-^ntzu-^^^mnytizmm^mt^m&^^^t^mpi^ 
25 mmmn^^ihtit^mmtmi^^^xmmmn^^ii!,tibti^m 
fnVzhmm^m^u^{z^^m^-r^^iM^3^m^rzzt^nmt-t^ 



wo 01/20398 



1 / jruu/uoi 



55 

^f^n^t^^z. 

13. if5}cOlBHl~l 10Mn;0^-Jl{'fB«(DS3t^mT^-:3T, 

1 4. M3i<c7)iGH 1-11 (DMn:^^~m\ztm(Dm^mmn- h-D X . 

1 5. 1 ~ 1 i(Di^n^^-m\ztm(Dm^mmx^-DX. 

^z^mf^ikB^^^t^^t^z.t^!wmtt^mytmmo 

1 6. if;i<(7)iGsi 1-11 (D{^M^-mtm(Dm^'^m^m^^rcmyti^ 



WU UI/2U^V8 rv- 1 / uu/uui 

56 

10 18. U'-^^m^^^(Dm^^-v^i^i$i(Dj^^->^mmL. mmi 

20 ^^>>(Du-^^^n}[^x^mLxmU^i^m%uzm^b. Mia^^^Tt^ 
w,tibu\.^mm^\z^mmmnyt(7)iht\z^m'^izBm^^^u^^mm 
xm^^mmmzmm^mr^mmm.(D^^iM^t ^ .^o izmj^bfz^ t 

25 /'^^~->^mm±izti^t^xm^ttiv'j^< x(Dm7t:^^. 



' I ' 



rci/jruu/uojoz 




fci/jruu/uoij^ 




wo 01/20398 

" I - 



fC'i/JKuunioi^z 




wo 



4/8 



(a) 



OFF 



LB2 



ON 



u 



OFF 



111 




6 




■ OFF 



(b) 



LB5 



ON 



OFF 







-3- t 



wo 01/20398 





^ t 



A V» 1/ 




1 



^ t 




uticiiiauuiiai appiiwauuu iiu. 

PCT/JPOO/06132 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl' G02F1/37, G03F7/20, H01L21/027, H01S3/06, 

H01S3/00 

According to Int ernational Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int.Cl^ G02F1/37, G03F7/20, H01L21/027, H01S3/06, 

H01S3/00 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Kbho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of dociunent, with indication, where appropriate, of the relevant passages 


Relevant to claim No, 


A 


US, 5838709, A (Nikon Corporation) , 

17 November, 1998 (17.11.98), 

Full text; all drawings 

& JP, 8-334803, A & JP, 9-148658, A 


1-19 


A 


JP, 10-135555, A (Hitachi, Ltd.), 
22 May, 1998 (22.05.98) , 
page 1 (Family: none) 


1-19 


A 


JP, 8-97125, A (Sony Corporation), 
12 April, 1996 (12.04.96), 
page 1 (Family: none) 


1-19 


A 


JP, 9-114100, A (Sony Corporation), 
02 May, 1997 (02.05.97) , 
page 1 (Family: none) 


1-19 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



♦ Special categories of cited documents: *T' 
"A" document defming the genera) state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing "X*' 

date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "Y*' 
special reason (as specified) 

"O** document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



later document published af^er the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
27 November, 2000 (27.11.00) 


Date of mailing of the international search report 
05 December, 2000 (05.12.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No, 



«.U^«»A /T.ftw iooo\ 



H^Ulffi#^ PCT/J PO 0/06 1 3 2 



Int. Cr G02F1/37, G03F7/20, H01L2 1/02 7, H01S3/06. 
HO 1 S 3/00 



^s^ESr^fo/c«/Hfi»i^ m^^i^^^m d po ) 

Int. cr G02F1/37, G03F7/20. H01L2 1/02 7, H01S3/06, 

HOIS 3/0 0 



B*n^fflff|g^« 1926-1996¥ 

B;*:H^HIIffi^^<2i« 1 9 7 1-2 000¥ 

n:^m^mMF^^m<^n 1994-2000^ 

0*Bllffl3&i|gSMi^« 1996-200 0^ 



c. 















A 


us, 5838709, A (Nikon Corporation) 


1-19 




17. 11^. 1998 (1 7. 11. 9 8) 












& JP, 8-33480 3, A 






& J P, 9-14865 8, A 




A 


JP, 1 0- 1 3 5 5 5 5, A (tt^^ttSi^mflf^) 


1-19 




2 2. 5^. 1 9 9 8 (2 2. 0 5. 9 8) 












(77^ !i-jfcL) 





0 cm(r>mf;i:^hxm-mm^tix\>^i>. 



TLj m^m±mmm^mmi-^xwixam(oxm(r>^n 



oB(D^ic^g$tifcs:iit 

fTj EISttiSaxlSffi5feB^(c^«$tifc3tiiK-Cfco-C 

J; o T 7i V ^ t ^ ;i -5 1 0 

r&j |5]-/-'x>' h:77 ^ y-Xffl^ 



27. 11. 00 




0*il4§?F/f (I SA/J P) 
S®*-^ 1 0 0-8 9 1 5 


^ ® W 
SiSS^ 03-3581-1101 I' 


2M 


9 3 5 5 


Si^ 3 2 7 4 



«|^PCT/1 SA/2 1 0 {^2-<-v) ( 1 9 9 8^7^) 





mmmm^^- pct/j poo/oe 1 3 2 


c m^) . 
















JP, 8-9 7 1 2 5, A (y=-t5fe^#tt) 

12. 4^. 1 9 9 6 (1 2. 0 4. 9 6) 

mm 


1-1Q 

1 19 


A 


JP, 9-114100, A (y-~m^^m 

2. 5^. 1 9 9 7 (0 2. 0 5. 9 7) 


1-19 



tISCPCT/I SA/2 1 0 (ma^^-i^CDi^t) (1 9 9 8^7^) 



